(19) 


(12) 


Europaisches Patentamt 
European Patent Office 
Office europeen des brevets (11) EP 1 081 767 A2 

EUROPEAN PATENT APPLICATION 


(43) Date of publication: 

07.03.2001 Bulletin 2001/10 

(21) Application number: 00119026.3 

(22) Date of filing: 01.09.2000 


(51) int. ci. 7 : H01L 27/15, H01L 51/20, 
H01L 27/00 


(84) Designated Contracting States: 

(72) Inventor: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 

Yamazaki, Shunpei, 

MC NL PT SE 

c/o Semiconductor Energy Lab. 

Designated Extension States: 

Asugi-shi, Kanagawa-ken 243-0036 (JP) 

AL LT LV MK RO SI 



(74) Representative: 

(30) Priority: 03.09.1999 JP 25096599 

Grunecker, Kinkeldey, 

26.11.1999 JP 33624999 

Stockmair & Schwanhausser 


Anwaltssozietat 

(71) Applicant: 

Maximilianstrasse 58 

SEL SEMICONDUCTOR ENERGY LABORATORY 

80538 Munchen (DE) 

CO., LTD. 

Atsugi-shi, Kanagawa-ken 243-0036 (JP) 



(54) EL display device and manufacturing method thereof 


(57) Reducing the manufacturing cost of an EL dis- 
play device and an electronic device furnished with the 
EL display device is taken as an objective. A textured 
structure in which projecting portions are formed on the 
surface of a cathode is used. External stray light is dif- 
fusely (irregularly) reflected by the action of the project- 
ing portions when reflected by the surface of the 
cathode, and therefore a defect in which the face of an 


observer or the surrounding scenery is reflected in the 
surface of the cathode can be prevented. This can be 
completed without using a conventionally necessary 
high price circular polarizing film, and therefore it is pos- 
sible to reduce the cost of manufacturing the EL display 
device. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to an electro- 
optical device, typically an EL (electroluminescence) 
display device, and an electronic device (electronic 
equipment) having the electro-optical device as a dis- 
play. 

2. Description of the Related Art 

[0002] The development of electro-optical devices, 
typically EL (electroluminescence) display devices 
using organic material for electroluminescence, has 
been proceeding at a rapid pace in recent years. There 
are two types of EL display devices, passive matrix type 
EL display devices and active matrix type EL display 
devices. 

[0003] Regardless of whether a passive matrix type 
or an active matrix type, the EL display device has a 
capacitor structure with an EL layer sandwiched by a 
cathode and an anode (an element having this type of 
structure is referred to as an EL element throughout this 
specification), and the EL display device operates under 
the principle of causing the EL layer to luminesce by the 
flow of electric current. A metallic electrode is generally 
used for the cathode, which is an electron supply 
source, and a transparent conducting film is generally 
used for the anode, which is a hole supply source. This 
is done because if one of the pair of electrodes is not 
transparent, the light emitted from the luminescing layer 
cannot be extracted. 

[0004] In this case, the light emitted by the EL layer 
is directly output to the anode side, and light directed 
toward the cathode side is also output to the anode side 
after being reflected by the cathode. In other words, it is 
necessary for an observer to view the display device 
from the anode side. 

[0005] However, light having a wavelength corre- 
sponding to the material of the luminescing layer can be 
seen from a portion of the EL layer emitting light, but in 
a portion of the EL layer not emitting light, the surface of 
the back surface side of the electrode (light emitting 
layer side) can be seen through the anode and the EL 
layer. This means that the back surface of the electrode 
therefore functions as a mirror, and the face of the 
observer is reflected. 

[0006] In order to avoid this, a method of attaching 
a circular polarization film to the EL display device so 
that the observer's face is not reflected is employed, but 
there is a problem in that the circular polarization film is 
extremely high cost, therefore leading to increased 
manufacturing costs. 


SUMMARY OF THE INVENTION 

[0007] The present invention is made in view of the 
above problems, and an object of the present invention 

5 is to prevent an EL display device from becoming mir- 
rored, and to provide a low cost EL display device in 
which the EL display device manufacturing cost has 
been reduced. In addition, an object of the present 
invention is to lower the cost of an electronic device hav- 

10 ing a display using the EL display device. 

[0008] The present invention is characterized in that 
a projecting portion is formed on a reflecting surface of 
a cathode (a surface contacting a luminescing layer 
side), and light reflected by the reflecting surface of the 

15 cathode is scattered. Namely, the present invention is 
characterized in that the reflecting surface of the cath- 
ode is made not visible to an observer by diffusely 
(irregularly) reflecting visible light (external light) inci- 
dent from an anode side by using the reflecting surface 

20 of the cathode. 

[0009] The textured portion formed on the reflecting 
surface of the cathode may be formed by concave 
shape depressions, or by convex shape projections. 
Further, a wave shape surface in which the unevenness 

25 is repeated may also be used. The projecting portion 
may be formed by a technique such as photolithography 
or holography (for example, a technique of forming an 
uneven reflecting structure recorded in Sharp Technol- 
ogy Reports, No. 74, pp. 16-9, Aug. 1999), and may also 

30 be formed by surface processing, such as plasma treat- 
ment or etching. Further, the projecting portion may also 
be naturally generated in the surface by using the film 
deposition conditions of the cathode (or a base elec- 
trode). 

35 [0010] In other words, the formation of the project- 
ing portion may be regulated or unregulated, but it must 
be formed so as to average a diffused reflection (irregu- 
lar reflection) within the surface of a pixel. A structure in 
which the projecting portion is formed as explained 

40 above is referred to as a textured structure throughout 
this specification. 

[0011] Further, by forming projecting portions in 
other thin films contacting the cathode, and then form- 
ing the cathode on top, the projecting portion can be 

45 formed in the reflecting surface of the cathode. In partic- 
ular, Japanese Patent Application Laid-open No. Hei 9- 
69642 and Japanese Patent Application Laid-open No. 
Hei 10-144927 can be cited for means of forming the 
projecting portion in an aluminum film. Namely, by form- 

so ing the aluminum film based on the above patent appli- 
cations, and by laminating the cathode on top of the 
aluminum film, it is possible to obtain a cathode having 
the projecting portion. 

55 BRI E F DES CR IPT I ON OF THE DRAWINQS 
[0012] In the accompanying drawings: 
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Fig. 1 is a diagram showing a cross sectional struc- 
ture of a pixel portion of an EL display device; 
Fig. 2 is a diagram showing an enlargement of an 
EL element; 

Figs. 3A and 3B are diagrams showing a top sur- 5 
face structure and a circuit structure of a pixel por- 
tion of an EL display device; 
Figs. 4A to 4E are diagrams showing a process of 
manufacturing an active matrix type EL display 
device; 10 
Figs. 5A to 5D are diagrams showing the process of 
manufacturing the active matrix type EL display 
device; 

Figs. 6A to 6C are diagrams showing the process of 
manufacturing the active matrix type EL display 15 
device; 

Fig. 7 is a diagram showing an external view of an 
EL module; 

Fig. 8 is a diagram showing a circuit block structure 
of an EL display device; 20 
Fig. 9 is an enlarged diagram of a pixel portion of an 
EL display device; 

Fig. 10 is a diagram showing the element structure 
of a sampling circuit of an EL display device; 
Figs. 11A and 11B are diagrams showing external 25 
views of an EL module; 

Figs. 12A to 12C are diagrams showing a process 

of manufacturing a contact structure; 

Fig. 13 is a diagram showing the composition of a 

pixel portion of an EL display device; 30 

Fig. 14 is a diagram showing the composition of a 

pixel portion of an EL display device; 

Fig. 15 is a diagram showing an external view of a 

thin film formation apparatus; 

Fig. 16 is a diagram showing an external view of a 35 

simple matrix type EL display device; 

Figs. 17A to 17F are diagrams showing specific 

examples of electronic devices; 

Figs. 18A to 18E are diagrams showing a process 

of manufacturing an active matrix type EL display 40 

device; and 

Figs. 19A to 19D are diagrams showing a process 
of manufacturing an active matrix type EL display 
device. 

45 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment mode 1 

50 

[0013] Embodiment mode 1 of the present inven- 
tion will be explained using Figs. 1 to 3B. Shown in Fig. 
1 is a cross sectional diagram of a pixel portion of an EL 
display device of the present invention, while Fig. 2 
shows an enlargement of a portion of Fig. 1 . Fig. 3A Is 55 
a top view of the EL display device, and Fig. 3B is a cir- 
cuit diagram of the EL display device. In practice, a plu- 
rality of pixels arranged in a matrix shape is formed as 


4 

the pixel portion (image display portion). Note that com- 
mon symbols are used in Figs. 1 to 3B, and therefore 
each of the diagrams may be suitably referred to. Fur- 
ther, two pixels are shown in the top view of Fig. 3A, but 
both have the same structure, and therefore only one is 
explained. 

[0014] In Fig. 1 , a reference numeral 1 1 designates 
a substrate; and 12, an insulating film (hereinafter 
referred to as an under film) which becomes an under- 
coat. A glass substrate, a glass ceramic substrate, a 
quartz substrate, a silicon substrate, a ceramic sub- 
strate, a metal substrate, or a plastic substrate (includ- 
ing a plastic film as well) can be used as the substrate 
11. 

[0015] As the under film 12, an insulating film con- 
taining silicon may be used. Note that in the present 
specification, the "insulating film containing silicon" indi- 
cates an insulating film containing silicon, oxygen and 
nitrogen at a predetermined ratio, for example, a silicon 
oxide film, a silicon nitride film, or a silicon nitride oxide 
film (indicated by SiOxNy). 

[001 6] Here, two TFTs are formed in the pixel. A ref- 
erence numeral 201 designates a TFT (hereinafter 
referred to as a switching TFT) functioning as a switch- 
ing element; and 202, a TFT (hereinafter referred to as 
a current controlling TFT) functioning as a current con- 
trolling element for controlling the amount of current 
flowing to the EL element. Both are formed out of an n- 
channel TFT but a p-channel TFT may also be used. 
[0017] The switching TFT 201 has: an active layer 
containing a source region 13, a drain region 14, LDD 
regions 15a to 15d, a high concentration impurity region 
16, and channel forming regions 17a and 17b; a gate 
insulating film 18; gate electrodes 19a and 19b; a pro- 
tecting film 20 made from a silicon nitride oxide film; a 
first interlayer insulating film 21 ; a source wiring 22; and 
a drain wiring 23. Note that the drain region 14 is elec- 
trically connected to a gate electrode 35 of the current 
control TFT 202 through the drain wiring 23. 
[0018] Besides, the gate electrodes 19a and 19b 
are of a double gate structure and also in addition to the 
double gate structure, a so-called multi-gate structure 
(structure including an active layer having two or more 
channel formation regions connected in series with 
each other), such as a triple gate structure, may be 
adopted. The multi-gate structure is extremely effective 
in reducing the off current value, and is an extremely 
effective structure as the switching element of a pixel. 
[0019] The active layer is formed out of a semicon- 
ductor film containing a crystal structure. That is, a sin- 
gle crystal semiconductor film may be used or a 
polycrystalline semiconductor film or microcrystalline 
semiconductor film may be used. The gate insulating 
film 18, the protecting film 20 and the first interlayer 
insulating film 21 may be formed out of an insulating film 
containing silicon. Besides, any conductive films can be 
used for the gate electrodes 19a and 19b, source wiring 
line 21 , or drain wiring line 22. 
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[0020J Further, in the switching TFT 201, the LDD 
regions 15a to 15d are provided not to overlap with the 
gate electrodes 17a and 17b, with the gate insulating 
film 18 put between the LDD regions and the gate elec- 
trodes. Such structure is very effective in reducing the 5 
off current value. 

[0021] Note that it is more desirable to provide an 
offset region (region which is made of a semiconductor 
layer having the same composition as the channel for- 
mation region and to which a gate voltage is not 10 
applied) between the channel formation region and the 
LDD region in order to reduce the off current. In the 
case of multi-gate structure having two or more gate 
electrodes, a high concentration impurity region pro- 
vided between the channel formation regions is effec- 15 
tive in reducing the off current value. 
[0022] As described above, by using the TFT of the 
multi-gate structure as the switching element 201 of the 
pixel, it is possible to realize the switch element having 
a sufficiently low off current value. Thus, even if a con- 20 
denser as shown in Fig. 2 of Japanese Patent Applica- 
tion Laid-open No. Hei 10-189252 is not provided, the 
gate voltage of the current controlling TFT can be held 
for a sufficient time (an interval between a selected 
point and a next selected point). 25 
[0023] That is, it becomes possible to remove a 
condenser which has conventionally been a factor to 
narrow an effective light emitting area, and it becomes 
possible to widen the effective light emitting area. This 
means that the picture quality of the EL display device 30 
can be made bright. 

[0024] Next, the current controlling TFT 202 
includes a source region 31 , a drain region 32, an active 
layer including an LDD region 33 and a channel forma- 
tion region 34, a gate insulating film 18, a gate electrode 35 
35, a protecting film 20, the first interlayer insulating film 
21 , a source wiring line 36, and a drain wiring line 37. 
Although the gate electrode 35 is of a single gate struc- 
ture, a multi-gate structure may be adopted. 
[0025] As shown in Fig. 1 , the drain of the switching 40 
TFT is connected to the gate of the current controlling 
TFT Specifically, the gate electrode 35 of the current 
controlling TFT 202 is electrically connected to the drain 
region 14 of the switching TFT 201 through the drain 
wiring line (may be called a connection wiring line) 23. as 
The source wiring line 36 is connected to a current sup- 
ply line 211. 

[0026] Although the current controlling TFT 202 is 
an element for controlling the amount of current injected 
to an EL element 203, in view of deterioration of the EL so 
element, it is not desirable to supply a large amount of 
current. Thus, in order to prevent an excessive current 
from flowing to the current controlling TFT 202, it is pref- 
erable to design the channel length (L) to be rather long. 
Desirably, it is designed so that the current becomes 0.5 55 
to 2 uA (preferably 1 to 1.5 uA) per pixel. 
[0027] In view of the above, as shown in Fig. 9, 
when the channel length of the switching TFT is L1 


( L1 = L1a + Lib ), the channel width is W1 , the channel 
length of the current controlling TFT is L2, and the chan- 
nel width is W2, it is preferable that W1 is made 0.1 to 5 
um (typically 0.5 to 2 urn), and W2 is made 0.5 to 1 0 urn 
(typically 2 to 5 um). Besides, it is preferable that L1 is 
made 0.2 to 18 um (typically 2 to 15 um), and L2 is 
made 1 to 50 um (typically 10 to 30 urn). However, the 
present invention is not limited to the above numerical 
values. 

[0028] Besides, it is appropriate that the length 
(width) of the LDD region formed in the switching TFT 
201 is made 0.5 to 3.5 um, typically 2.0 to 2.5 um. 
[0029] Besides, the EL display device shown in Fig. 
1 is characterized also in that in the current controlling 
TFT 202, the LDD region 33 is provided between the 
drain region 32 and the channel formation region 34, 
and the LDD region 33 includes a region overlapping 
with and a region not overlapping with the gate elec- 
trode 35, with the gate insulating film 18 put between 
them. 

[0030] The current controlling TFT 202 supplies 
current for causing the EL element 203 to emit light, and 
controls the supply amount to enable gradation display. 
Thus, it is necessary to take a countermeasure against 
deterioration due to the hot carrier injection so that dete- 
rioration does not occur even if current is supplied. 
When black is displayed, although the current control- 
ling TFT 202 is turned off, at that time, if an off current 
value is high, clear black display becomes impossible, 
and the lowering of contrast or the like is caused. Thus, 
it is necessary to suppress the off current value as well. 
[0031] With respect to the deterioration due to the 
hot carrier injection, it is known that the structure where 
the LDD region overlaps with the gate electrode is very 
effective. However, if the whole of the LDD region is 
made to overlap with the gate electrode, the off current 
value is increased. Thus, the present applicant con- 
trives a new structure that the LDD region not overlap- 
ping with the gate electrode is provided in series, so that 
the problems of the hot carrier countermeasure and the 
off current value countermeasure are solved at the 
same time. 

[0032] At this time, it is appropriate that the length 
of the LDD region overlapping with the gate electrode is 
made 0.1 to 3 um (preferably 0.3 to 1 .5 urn). If the length 
is too long, parasitic capacity becomes large, and if too 
short, the effect of preventing the hot carrier becomes 
weak. Besides, it is appropriate that the length of the 
LDD region not overlapping with the gate electrode is 
made 1 .0 to 3.5 um (preferably 1 .5 to 2.0 um). If the 
length is too long, it becomes impossible to make a suf- 
ficient current flow, and if too short, the effect of lowering 
the off current value becomes weak. 
[0033] In the above structure, parasitic capacity is 
formed in the region where the gate electrode and the 
LDD region overlap with each other. Thus, it is prefera- 
ble not to provide such region between the source 
region 31 and the channel formation region 34. In the 
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current controlling TFT, since the direction of flow of car- 
riers (here, electrons) is always the same, it is sufficient 
if the LDD region is provided at only the side of the drain 
region. 

[0034] Further, looked at from the viewpoint of con- s 
trolling the amount of electrical current flow, it is also 
effective to make the film thickness of the active layer (in 
particular the channel forming region) of the current 
control TFT 202 thinner (preferably from 20 to 50 nm, 
even better between 30 and 35 nm). Thus reducing the 10 
current flow value also brings about a desirable effect 
for the important switching TFT 201 . 
[0035] Next, reference numeral 41 denotes a first 
passivation film, and its film thickness may be from 200 
to 500 nm (preferably between 300 and 400 nm). An is 
insulating film containing silicon (a silicon nitride oxide 
film or a silicon nitride film is particularly preferable) can 
be used as the first passivation film 41 material, which 
also possesses a role of protecting the formed TFTs. 
Mobile ions such as alkaline metals are often contained 20 
in an EL layer formed last on the TFT, and the first pas- 
sivation film 41 works as a protecting film so that the 
mobile ions do not enter the TFT side. 
[0036] Furthermore, by giving the first passivation 
film 41 a heat radiating effect, it is effective in the pre- 25 
vention of heat degradation of the EL layer and the 
TFTs. The following can be given as materials possess- 
ing the heat radiating effect: an insulating film contain- 
ing at least one element selected from the group 
consisting of B (boron), C (carbon), and N (nitrogen), 30 
and at least one element selected from the group con- 
sisting of Al (aluminum), Si (silicon), and P (phospho- 
rous). 

[0037] For example, it is possible to use a nitride of 
aluminum typified by aluminum nitride (AlxNy), carbide 35 
of silicon typified by silicon carbide (SixCy), nitride of sil- 
icon typified by silicon nitride (SixNy), nitride of boron 
typified by boron nitride (BxNy), or phosphide of boron 
typified by boron phosphide (BxPy). An oxide of alumi- 
num typified by aluminum oxide (AlxOy) has a thermal 40 
conductivity of 20 Wm" 1 K, so that it can be said as one 
of preferable materials. These materials have not only 
the foregoing effects but also an effect to prevent pene- 
tration of moisture. Note that in the foregoing materials, 
x and y are respectively arbitrary integers. 45 
[0038] Note that it is also possible to combine the 
above compound with another element. For example, it 
is also possible to use aluminum nitride oxide indicated 
by AINxOy by adding nitrogen to the aluminum oxide. 
This material also has the effect to prevent penetration so 
of moisture or alkali metal in addition to the heat radiat- 
ing effect. Note that in the above aluminum nitride oxide, 
x and y are respectively arbitrary integers. 
[0039] Besides, it is possible to use materials dis- 
closed In Japanese Patent Application Laid-open No. 55 
Sho 62-90260. That is, it is also possible to use an insu- 
lating film containing Si, Al, N, O, or M (M is at least one 
kind of rare-earth element, preferably at least one ele- 
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ment selected from Ce (cerium), Yb (ytterbium), Sm 
(samarium), Er (erbium), Y (yttrium), La (lantern), Gd 
(gadolinium), Dy (dysprosium), and Nd (neodymium)). 
These materials also have the effect to prevent penetra- 
tion of moisture or alkali metal in addition to the heat 
radiating effect. 

[0040] Besides, it is also possible to use a carbon 
film containing at least a diamond thin film or an amor- 
phous carbon film (especially a film having characteris- 
tics close to diamond, called diamond-like carbon or the 
like). These have very high thermal conductivity and are 
very effective as a heat radiating layer. 
[0041] Note that since the primary object of the first 
passivation film 41 is to protect the TFT against the 
alkali metal or the like, the film must not spoil the effect. 
Thus, although a thin film made of the material having 
the foregoing heat radiating effect can be used alone, it 
is effective to stack the thin film and an insulating film 
(typically a silicon nitride film (SixNy) or silicon nitride 
oxide film (SiOxNy)). Note that in the silicon nitride film 
or silicon nitride oxide film, x and y are respectively arbi- 
trary integers. 

[0042] A second interlayer insulating film (also 
referred to as a leveling film) is formed on the first pas- 
sivation film 41 , and leveling of a step due to the TFT is 
performed. It is preferable to use an organic resin film as 
the second interlayer insulating film 42, and materials 
such as polyimide, polyamide, acrylic, and BCB (benzo- 
cyclobutene) may be used. An inorganic film may also 
be used, of course, provided that it is capable of suffi- 
cient leveling. 

[0043] Further, reference numeral 43 denotes a 
pixel electrode made from a material having aluminum 
as its main constituent (aluminum composition ratio 
between 50 and 99.9%), and projecting portions are 
formed on its surface. Reference numeral 44 denotes a 
cathode made from a metallic film containing an alkaline 
metal or an alkaline earth metal. The cathode 44 is 
formed so as to trace the projecting portions of the pixel 
electrode 43 at this point, and therefore projecting por- 
tions 45 are also formed in the surface of the cathode 
44. 

[0044] An aluminum film containing from 0.1 to 6.0 
weight% (preferably between 0.5 and 2.0 weight%) of 
either silicon (Si), nickel (Ni), or copper (Cu) may be 
used as the pixel electrode 43. 
[0045] As the cathode 44, a material having a low 
work function and containing magnesium (Mg), lithium 
(Li).or calcium (Ca) is used. Preferably, an electrode 
made of MgAg (material of Mg and Ag mixed at a ratio 
of Mg : Ag = 10 : 1) is used. In addition, a MgAg / Al 
electrode, a Li / Al electrode, and a LiF / Al electrode 
can be enumerated. 

[0046] The projecting portions 45 are explained 
here in detail. An expanded view of a region denoted by 
reference numeral 204 in Fig. 1 is shown in the blow up 
view of Fig. 2. As shown in Fig. 2, taking the spacing 
(pitch) between the projecting portions 45 as X, it is 
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preferable to set X = 0.05 to 1 u.m (more preferably 
between 0.3 and 0.8 urn). In other words, by setting the 
pitch of the projecting portions 45 to be nearly equal to 
the wavelength of visible light, diffuse reflection (irregu- 
lar reflection) of the reflected light can be made to occur 5 
effectively. 

[0047] Further, when the projecting portions 45 are 
made into mountain shapes as shown in Fig. 2, it is pref- 
erable to set an angle 6 formed by a line parallel to the 
substrate surface (the surface of the substrate on which 10 
the thin films are formed) and the projecting portions 45 
to 9 = 30 to 70° (preferably between 50 and 60°). 
[0048] In addition, an EL layer 46 is formed on the 
cathode 44 having the projecting portions 45. The EL 
layer 46 is formed by using known materials and struc- 15 
tures. Namely, the EL layer may be formed by only a 
light emitting layer, and it also may be formed using a 
structure comprising a hole transporting layer and a 
light emitting layer, or a structure comprising a hole 
transporting layer, a light emitting layer, and an electron 20 
transporting layer. 

[0049] Further, the EL layer 46 material may be a 
low molecular weight material or a high molecular 
weight material (polymer). However, it is effective to use 
a high molecular weight material which can be formed 25 
by an easy film deposition method such as spin coating. 
[0050] The structure of Fig. 1 is an example of a 
case of using a monochromatic light emitting system 
where one kind of EL element corresponding to any one 
of RGB is formed. Although Fig. 2 shows only one pixel, 30 
a plurality of pixels having the same structure are 
arranged in matrix form in the pixel portion. Note that a 
well-known material may be adopted for the EL layer 
corresponding to any one of RGB. 

[0051] In addition to the above system, color display 35 
can be made by using a system in which an EL element 
of white light emission and a color filter are combined, a 
system in which an EL element of blue or blue-green 
light emission and a fluorescent material (fluorescent 
color converting layer: CCM) are combined, a system in 40 
which EL elements corresponding to RGB are stacked, 
or the like. Of course, it is also possible to make black- 
and-white display by forming an EL layer of white light 
emission in a single layer. 

[0052] An anode 47 made from a transparent con- 45 
ducting film and a second passivation film 48 are 
formed on the EL layer 46. It is possible to use a com- 
pound film of indium oxide and tin oxide (referred to as 
an ITO film) or a compound film of indium oxide and zinc 
oxide as the transparent conducting film. Tin oxide or 50 
zinc oxide may be mixed in at a ratio of 5 to 20% by 
weight with respect to the indium oxide. Further, the 
same material as the first passivation layer 41 may also 
be used as the second passivation layer 48. 
[0053] The EL display device of this embodiment 55 
includes a pixel having a structure as in Fig. 1, and 
TFTs having different structures according to functions 
are disposed in the pixel. By this, it is possible to form a 


switching TFT having a sufficiently low off current value 
and a current controlling TFT strong against hot carrier 
injection in the same pixel, and it is possible to obtain 
the EL display device having high reliability and ena- 
bling excellent picture display (having high operation 
performance). 

Embodiment mode 2 

[0054] An example of using the present invention in 
a simple matrix type EL display device is shown in Fig. 
16 in embodiment mode 2. In Fig. 16, reference numeral 

1601 denotes a substrate, reference numerals 1602a 
denote aluminum films with added silicon, and 1602b 
are cathodes made from lithium fluoride films formed in 
succession on the aluminum films 1602a. Electrodes 

1602 composed of these films in lamination are formed 
aligned in a stripe shape. The electrodes 1602 are 
referred to as first electrodes here. 

[0055] In embodiment mode 2, the aluminum films 
1602a are deposited so as to have projecting portions 
formed in their surfaces due to steps at the time of film 
deposition, and projecting portions 1603 are formed in 
the surface of the lithium fluoride film cathodes 1602b 
along the projecting portions formed in the base film 
aluminum films 1602a. 

[0056] An EL layer 1604 is formed by a low molecu- 
lar weight organic material or a high molecular weight 
organic material on the electrodes 1602, and a plurality 
of anodes 1605 made from transparent conducting films 
are formed on the EL layer 1604. The anodes 1605 are 
formed perpendicular with respect to the first electrodes 
1602, and are formed aligned in a stripe pattern. The 
electrodes 1605 are referred to as second electrodes 
here. 

[0057] A matrix is thus formed by the first elec- 
trodes 1602 and the second electrodes 1605, and EL 
elements are formed at intersecting portions by the first 
electrodes (cathodes), the EL layer, and the second 
electrodes (anodes). A predetermined voltage is then 
applied to the first electrodes 1602 and the second elec- 
trodes 1 605, and the EL layer 1 604 is made to emit light. 
[0058] In portions which do not emit light, the sur- 
face of the cathodes 1602b is visible at this point, but 
external light is reflected diffusely (irregularly) by the 
projecting portions 1603, and therefore the face of an 
observer and scenery is not reflected. In other words, it 
is not necessary to use an elliptical film or the like, and 
therefore it is possible to reduce the manufacturing cost 
of the EL display device. 

Embodiment 1 

[0059] The embodiments of the present invention 
are explained using Figs. 4A to 6C. A method of simul- 
taneous manufacture of a pixel portion, and TFTs of a 
driver circuit portion formed in the periphery of the pixel 
portion, is explained here. Note that in order to simplify 
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the explanation, a CMOS circuit is shown as a basic cir- 
cuit for the driver circuits. 

[0060] First, as shown in Fig. 4A, a base film 301 is 
formed with a 300 nm thickness on a glass substrate 
300. Oxidized silicon nitride films are laminated as the 
base film 301 in embodiment 1 . It is good to set the 
nitrogen concentration at between 1 0 and 25 wt% in the 
film contacting the glass substrate 300. 
[0061] Besides, as a part of the under film 301 , it is 
effective to provide an insulating film made of a material 
similar to the first passivation film 41 shown in Fig. 2. 
The current controlling TFT is apt to generate heat since 
a large current is made to flow, and it is effective to pro- 
vide an insulating film having a heat radiating effect at a 
place as close as possible. 

[0062] Next, an amorphous silicon film (not shown 
in the figures) is formed with a thickness of 50 nm on the 
base film 301 by a known deposition method. Note that 
it is not necessary to limit this to the amorphous silicon 
film, and another film may be formed provided that it is 
a semiconductor film containing an amorphous struc- 
ture (including a microcrystailine semiconductor film). In 
addition, a compound semiconductor film containing an 
amorphous structure, such as an amorphous silicon 
germanium film, may also be used. Further, the film 
thickness may be made from 20 to 100 nm. 
[0063] The amorphous silicon film is then crystal- 
lized by a known method, forming a crystalline silicon 
film (also referred to as a polycrystalline silicon film or a 
polysilicon film) 302. Thermal crystallization using an 
electric furnace, laser annealing crystallization using a 
laser, and lamp annealing crystallization using an infra- 
red lamp exist as known crystallization methods. Crys- 
tallization is performed in embodiment 1 using light from 
an excimer laser which uses XeCI gas. 
[0064] Note that pulse emission type excimer laser 
light formed into a linear shape is used in embodiment 
1, but a rectangular shape may also be used, and con- 
tinuous emission argon laser light and continuous emis- 
sion excimer laser light can also be used. 
[0065] In this embodiment, although the crystalline 
silicon film is used as the active layer of the TFT, it is 
also possible to use an amorphous silicon film. How- 
ever, in order to increase an opening rate of a pixel by 
making an area of the current controlling TFT as small 
as possible, it is advantageous to use the crystalline sil- 
icon film through which a current can easily flow. 
[0066] Note that it is effective to form the active 
layer of the switching TFT, in which there is a necessity 
to reduce the off current, by the amorphous silicon film, 
and to form the active layer of the current control TFT by 
the crystalline silicon film. Electric current flows with dif- 
ficulty in the amorphous silicon film because the carrier 
mobility is low, and the off current does not easily flow. 
In other words, the most can be made of the advantages 
of both the amorphous silicon film, through which cur- 
rent does not flow easily, and the crystalline silicon film, 
through which current easily flows. 
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[0067] Next, as shown in Fig. 4B, a protecting film 
303 is formed on the crystalline silicon film 302 with a 
silicon oxide film having a thickness of 130 nm. This 
thickness may be chosen within the range of 100 to 200 
5 nm (preferably between 130 and 170 nm). Furthermore, 
other films may also be used providing that they are 
insulating films containing silicon. The protecting film 
303 is formed so that the crystalline silicon film is not 
directly exposed to plasma during addition of an impu- 
te rity, and so that it is possible to have delicate concentra- 
tion control of the impurity. 

[0068] Resist masks 304a and 304b are then 
formed on the protecting film 303, and an impurity ele- 
ment which imparts n-type conductivity (hereafter 

15 referred to as an n-type impurity element) is added. 
Note that elements residing in periodic table group 15 
are generally used as the n-type impurity element, and 
typically phosphorus or arsenic can be used. Note that 
a plasma doping method is used, in which phosphine 

20 (PH 3 ) is plasma activated without separation of mass, 
and phosphorus is added at a concentration of 1x10 18 
atoms/cm 3 in embodiment 1. An ion implantation 
method, in which separation of mass is performed, may 
also be used, of course. 

25 [0069] The dose amount is regulated so that the n- 
type impurity element is contained in n-type impurity 
regions 305 and 306, thus formed by this process, at a 
concentration of 2x10 16 to 5x10 19 atoms/cm 3 (typically 
between 5x1 0 17 and 5x1 0 18 atoms/cm 3 ). 

30 [0070] Next, as shown in Fig. 4C, the protecting film 
303 is removed, and an activation of the added periodic 
table group 15 elements is performed. A known tech- 
nique of activation may be used as the means of activa- 
tion, and activation is done in embodiment 1 by 

35 irradiation of excimer laser light. A pulse emission type 
excimer laser and a continuous emission type excimer 
laser may both, of course, be used, and it is not neces- 
sary to place any limits on the use of excimer laser light. 
The goal is the activation of the added impurity element, 

40 and it is preferable that irradiation is performed at an 
energy level at which the crystalline silicon film does not 
melt. Note that the laser irradiation may also be per- 
formed with the protecting film 303 in place. 
[0071 ] The activation by heat treatment may also be 

45 performed along with activation of the impurity element 
by laser light. When activation is performed by heat 
treatment, considering the heat resistance of the sub- 
strate, it is good to perform heat treatment on the order 
of450to550°C. 

so [0072] Boundary portions of the n-type impurity 
regions 305 and 306, that is, boundary portions (con- 
necting portions) thereof with regions which are present 
in the periphery of the n-type impurity regions 305 and 
306 and are not added with the n-type impurity are 

55 delineated by this process. This means that, at the point 
when the TFTs are later completed, extremely good 
connections can be formed between LDD regions and 
channel forming regions. 
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[0073] Unnecessary portions of the crystalline sili- 
con film are removed next, as shown in Fig. 4D, and 
island shape semiconductor films (hereafter referred to 
as active layers) 307 to 310 are formed. 
[0074] Then, as shown in Fig. 4E, a gate insulating 5 
film 31 1 is formed, covering the active layers 307 to 310. 
An insulating film containing silicon and with a thickness 
of 10 to 200 nm, preferably between 50 and 150 nm, 
may be used as the gate insulating film 31 1 . A single 
layer structure or a lamination structure may be used. A w 
110 nm thick oxidized silicon nitride film is used in 
embodiment 1 . 

[0075] A conducting film is formed next with a thick- 
ness of 200 to 400 nm, and is patterned, forming gate 
electrodes 312 to 316. Single layer conducting films 15 
may be formed for the gate electrodes 312 to 316, and 
when necessary, it is preferable to form a lamination film 
such of two layers or three layers. All known conducting 
films can be used as the gate electrode material. 
[0076] Typically, it is possible to use a film made of 20 
an element selected from tantalum (Ta), titanium (Ti), 
molybdenum (Mo), tungsten (W), chromium (Cr), and 
silicon (Si), a film of nitride of the above element (typi- 
cally a tantalum nitride film, tungsten nitride film, or tita- 
nium nitride film), an alloy film of combination of the 25 
above elements (typically Mo-W alloy, Mo-Ta alloy), or a 
silicide film of the above element (typically a tungsten 
silicide film, titanium silicide film). Of course, the films 
may be used as a single layer or a laminate layer. 
[0077] In this embodiment, a laminate film of a tung- 30 
sten nitride (WN) film having a thickness of 50 nm and a 
tungsten (W) film having a thickness of 350 nm is used. 
These may be formed by a sputtering method. When an 
inert gas of Xe, Ne or the like is added as a sputtering 
gas, film peeling due to stress can be prevented. 35 
[0078] The gate electrodes 31 3 and 31 6 are formed 
at this time so as to overlap a portion of the n-type impu- 
rity regions 305 and 306, respectively, sandwiching the 
gate insulating film 311. This overlapping portion later 
becomes an LDD region overlapping the gate electrode. 40 
[0079] Next, an n-type impurity element (phospho- 
rous is used in embodiment 1) is added in a self-aligning 
manner with the gate electrodes 312 to 316 as masks, 
as shown in Fig. 5A. The addition is regulated so that 
phosphorus is added to impurity regions 317 to 323 45 
thus formed at a concentration of 1/10 to V6 that of the 
impurity regions 305 and 306 (typically between 1/4 and 
1/3). Specifically, a concentration of 1x10 16 to 5x10 18 
atoms/cm 3 (typically 3x1 0 17 to 3x1 0 18 atoms/cm 3 ) is 
preferable. 50 
[0080] Resist masks 324a to 324d are formed next, 
with a shape covering the gate electrodes etc., as 
shown in Fig. 5B, and an n-type impurity element (phos- 
phorus is used in embodiment 1) is added, forming 
impurity regions 325 to 331 containing a high concen- 55 
tration of phosphorus. Ion doping using phosphine 
(PH 3 ) is also performed here, and is regulated so that 
the phosphorus concentration of these regions is from 
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1x1 0 2 ° to 1x10 21 atoms /cm 3 (typically between 2x1 0 2 ° 
and 5x1 0 21 atoms/cm 3 ). 

[0081] A source region or a drain region of the n- 
channel TFT is formed by this process, and in the 
switching TFT, a portion of the n-type impurity regions 
320 to 322 formed by the process of Fig. 5A remains. 
These remaining regions correspond to the LDD 
regions 15a to 15d of the switching TFT in Fig. 1. 
[0082] Next, as shown in Fig. 5C, the resist masks 
324a to 324d are removed, and a new resist mask 332 
is formed. A p-type impurity element (boron is used in 
embodiment 1) is then added, forming impurity regions 

333 and 334 containing a high concentration of boron. 
Boron is added here to form impurity regions 333 and 

334 at a concentration of 3x1 0 2 ° to 3x1 0 21 atoms/cm 3 
(typically between 5x1 0 2 ° and 1x10 21 atoms/cm 3 ) by 
ion doping using diborane (B 2 H 6 ). 

[0083] Note that phosphorus has already been 
added to the impurity regions 333 and 334 at a concen- 
tration of 1x1 0 2 ° to 1x10 21 atoms/cm 3 , but boron is 
added here at a concentration of at least 3 times of the 
phosphorus. Therefore, the n-type impurity regions 
already formed completely invert to p-type, and function 
as p-type impurity regions. 

[0084] Next, after removing the resist mask 332, an 
insulating film (protecting film) 335 used for protecting 
the gate is formed. The insulating film 335 is formed in 
order to prevent an increase in resistance value of the 
gate electrode due to oxidation during the heat treat- 
ment which is performed next. A 50 to 300 nm( prefera- 
bly between 100 and 200 nm) thick insulating film 
containing silicon may be formed as the insulating film 
335. (See Fig. 5D.) 

[0085] The n-type and p-type impurity elements 
added to the active layer at various concentrations are 
activated next. Furnace annealing, laser annealing, 
lamp annealing, or a combination of these processes 
can be used as a means of activation. In embodiment 1, 
heat treatment (furnace annealing) is performed for 4 
hours at 550°C in a nitrogen atmosphere in an electric 
furnace. 

[0086] A first interlayer insulating film 336 is formed 
next, as shown in Fig. 6A. A single layer insulating film 
containing silicon is used as the first interlayer insulating 
film 336, while a lamination film may be combined in 
between. Further, a film thickness of between 400 nm 
and 1 .5 u.m may be used. A lamination structure of an 
800 nm thick silicon oxide film on a 200 nm thick oxi- 
dized silicon nitride film is used in embodiment 1. 
[0087] In addition, heat treatment is performed for 1 
to 12 hours at 300 to 450°C in an environment contain- 
ing between 3 and 100% hydrogen, performing hydro- 
genation. This process is one of hydrogen termination 
of dangling bonds in the semiconductor film by hydro- 
gen which is thermally activated. Plasma hydrogenation 
(using hydrogen activated by a plasma) may also be 
performed as another means of hydrogenation. 
[0088] Note that the hydrogenation step may also 
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be inserted during the formation of the first interlayer 
insulating film 336. Namely, hydrogen processing may 
be performed as above after forming the 200 nm thick 
oxidized silicon nitride film, and then the remaining 800 
nm thick silicon oxide film may be formed. 5 
[0089] Next, a contact hole is formed in the first 
interlayer insulating film 336, and source wiring lines 
337 to 340 and drain wiring lines 341 to 343 are formed. 
In this embodiment, this electrode is made of a laminate 
film of three-layer structure in which a titanium film hav- 10 
ing a thickness of 100 nm, an aluminum film containing 
titanium and having a thickness of 300 nm, and a tita- 
nium film having a thickness of 150 nm are continuously 
formed by a sputtering method. Of course, other con- 
ductive films may be used. 15 
[0090] A first passivation film 344 is formed next 
with a thickness of 50 to 500 nm (typically between 200 
and 300 nm). A 300 nm thick oxidized silicon nitride film 
is used as the first passivation film 344 in embodiment 
1. This may also be substituted by a silicon nitride film. 20 
It is of course possible to use the same materials as 
those of the first passivation film 41 of Fig. 1 . 
[0091] Note that it is effective to perform plasma 
processing using a gas containing hydrogen such as H 2 
or NH 3 etc. before the formation of the oxidized silicon 25 
nitride film. Hydrogen activated by this preprocess is 
supplied to the first interlayer insulating film 336, and 
the film quality of the first passivation film 344 is 
improved by performing heat treatment. At the same 
time, the hydrogen added to the first interlayer insulating 30 
film 336 diffuses to the lower side, and the active layers 
can be hydrogenated effectively. 
[0092] Next, as shown in Fig. 6B, a second inter- 
layer insulating film 346 made of organic resin is 
formed. As the organic resin, it is possible to use poly- 35 
imide, polyamide, acryl, BCB (benzocyclobutene) or the 
like. Especially, since the second interlayer insulating 
film 345 is primarily used for flattening, acryl excellent in 
flattening properties is preferable. In this embodiment, 
an acrylic film is formed to a thickness sufficient to flat- 40 
ten a stepped portion formed by TFTs. It is appropriate 
that the thickness is preferably made 1 to 5 u.m (more 
preferably, 2 to 4 urn). 

[0093] Next, the second interlayer insulating film 
345 and the first passivation film 344 are etched, form- 45 
ing a contact hole which reaches the drain wiring 343, 
and a pixel electrode 346 is formed. An aluminum film 
containing 1 wt% Si is used as the pixel electrode 346 in 
embodiment 1 . An aluminum film having projecting por- 
tions in its surface is formed by depositing the aluminum so 
film by sputtering at a substrate temperature of 50 to 
200°C (preferably between 70 and 150°C). Note that 
between 0.1 and 5% moisture may also be added to the 
sputtering gas. 

[0094] The pixel electrode 346 having projecting 55 
portions in its surface can thus be formed. The pattern 
of projecting portions formed is irregular in this case, but 
the aim is diffuse reflection (irregular reflection) of light, 


and therefore irregularity does not become a problem in 
particular. 

[0095] If it is necessary to form regular projecting 
portions, then the surface of the pixel electrode is pat- 
terned and then the projecting portions are formed, or a 
means of performing patterning the surface of the sec- 
ond interlayer insulating film 345, forming the projecting 
portions, and then forming the pixel electrode on the 
projecting portions may be employed. Further, when 
using a material capable of selective etching by utilizing 
orienting characteristics as the pixel electrode 346 
material, the projecting portions can easily be obtained 
by performing surface processing by using an etchant 
so as to expose a specifically oriented surface. Tech- 
niques such as a technique of pit formation of a silicon 
surface are known as typical techniques of selective 
etching. 

[0096] A cathode 347 made from a MgAg electrode 
is formed next with a thickness of 120 nm. The film 
thickness may be from 80 to 200 nm (typically between 
100 and 150 nm). Further, as shown in embodiment 
mode 1, a LiF / Al electrode (a lamination film of a lith- 
ium fluoride film and an aluminum film) may also be 
used. In any case, it is preferable to use a material hav- 
ing a small work function. 

[0097] The cathode 347 is formed along the project- 
ing portions formed in the surface of the pixel electrode 
346 at this time, and therefore the cathode 347 is also 
formed having projecting portions in its surface. The 
problem of an observer's face being reflected in the dis- 
play portion, as shown in the conventional example, is a 
problem of reflection on the cathode surface, and by 
forming the projecting portions in the cathode surface 
and generating diffuse reflection (irregular reflection), 
this type of inconvenience can be prevented. 
[0098] An EL layer 348 is formed next by evapora- 
tion. A two layer structure of a hole transporting layer 
and an emitting layer is used as the EL layer in embod- 
iment 1 (shown as a single layer in the drawings), but 
there are also cases of forming a hole injecting layer, an 
electron injecting layer, or an electron transporting layer. 
Many examples of this type of combination have already 
been reported upon, and any of these constitutions may 
also be used. 

[0099] Furthermore, moisture adhering to the inter- 
face of the EL layer 348 and the cathode 347, particu- 
larly oxygen, must be avoided completely. This is 
because the EL layer 348 oxidizes easily and deterio- 
rates. The cathode 347 and the EL layer 348 are there- 
fore formed successively by using evaporation without 
breaking the vacuum. Specifically, a tris- (8-quino- 
linolate) aluminum (referred to as Alq) is formed first 
with a thickness of 50 nm as the emitting layer, and a 70 
nm thick TPD (triphenylamine derivative) is formed on 
the emitting layer as the hole transporting layer. The two 
layer structure EL layer 348 is thus formed. 
[0100] Note that an example of forming the EL layer 
using low molecular weight organic materials is shown 
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in embodiment 1, but high molecular weight organic 
materials may also be used, and a combination of both 
may also be used. Further, any known structure (a sin- 
gle layer structure or a lamination structure) may also be 
used as the EL layer structure. 5 
[0101] The structure of Fig. 6B is thus obtained. 
The EL layer 348 is exposed in this state, and therefore 
it is important to place the substrate in an atmosphere 
filled by an inert gas such as nitrogen or a noble gas. 
The substrate is then conveyed to a sputtering appara- 10 
tus without exposure to the atmosphere, and anodes 
349 are formed from a transparent conducting film. The 
film thickness may be set from 100 to 200 nm. 
[0102] Generally known materials such as ITO (an 
indium oxide and tin oxide compound) or an indium 15 
oxide and zinc oxide compound can be used as the 
transparent conducting film. Potassium may also be 
added to the indium oxide and zinc oxide compound. 
[0103] In addition, a second passivation film 350 
made from an insulating film containing silicon is formed 20 
on the anodes 349 in embodiment 1 . The second passi- 
vation film 350 is also preferably formed in succession 
without breaking the vacuum. A 300 nm thick silicon 
nitride film is formed as the second passivation film 350 
in embodiment 1 . 25 
[0104] In this way, an active matrix type EL display 
device having a structure as shown in Fig. 6C is com- 
pleted. In the active matrix type EL display device of this 
embodiment, a TFT having an optimum structure is dis- 
posed in not only the pixel portion but also the driving 30 
circuit portion, so that very high reliability is obtained 
and operation characteristics can also be improved. 
[0105] First, a TFT having a structure to decrease 
hot carrier injection so as not to drop the operation 
speed thereof as much as possible is used as an n- 35 
channel TFT 205 of a CMOS circuit forming a driving 
circuit. Note that the driving circuit here includes a shift 
register, a buffer, a level shifter, a sampling circuit (sam- 
ple and hold circuit) and the like. In the case where dig- 
ital driving is made, a signal conversion circuit such as a 40 
D/A converter can also be included. 
[0106] In the case of this embodiment, as shown in 
Fig. 6C, the active layer of the n-channel 205 includes a 
source region 355, a drain region 356, an LDD region 
357 and a channel formation region 358, and the LDD 45 
region 357 overlaps with the gate electrode 313, putting 
the gate insulating film 31 1 therebetween. 
[0107] Consideration not to drop the operation 
speed is the reason why the LDD region is formed at 
only the drain region side. In this n-channel TFT 205, it 50 
is not necessary to pay attention to an off current value 
very much, rather, it is better to give importance to an 
operation speed. Thus, it is desirable that the LDD 
region 357 is made to completely overlap with the gate 
electrode to decrease a resistance component to a min- 55 
imum. That is, it is preferable to remove the so-called 
offset. 

[0108] Further, an active layer of a p-channel TFT 
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206 of a CMOS circuit includes a source region 359, a 
drain region 360, and a channel forming region 361 , and 
an LDD region is not formed in particular. Deterioration 
due to hot carrier injection does not become much of a 
problem for the p-channel TFT even with this structure, 
but it is also possible to make a countermeasure against 
hot carriers by forming an LDD region similar to that of 
the n-channel TFT 205. 

[0109] Note that, among the driving circuits, the 
sampling circuit is somewhat unique compared to the 
other sampling circuits, in that a large electric current 
flows in both directions in the channel forming region. 
Namely, the roles of the source region and the drain 
region are interchanged. In addition, it is necessary to 
control the value of the off current to be as small as pos- 
sible, and with that in mind, it is preferable to use a TFT 
having functions which are on an intermediate level 
between the switching TFT and the current control TFT 
in the sampling circuit. A combination of an n-channel 
TFT 207 and a p-channel TFT 208 as shown in Fig. 10 
is used as the sampling circuit in embodiment 1 . 
[0110] A portion of LDD regions 801a and 801b 
overlap a gate electrode 803 through a gate insulating 
film 802, as shown in Fig. 10, in the n-channel TFT 207 
which forms the sampling circuit. This effect is the same 
as that stated by the explanation of the current control 
TFT 202, and for the case of the sampling circuit, the 
fact that the LDD regions 801a and 801b are formed 
with a shape sandwiching a channel forming region 804 
is a point of difference. 

[0111] Actually, when the state of Fig.6C is com- 
pleted, it is preferable to make packaging (sealing) by a 
housing member such as a protection film having high 
airtightness and less degassing (laminate film, ultravio- 
let ray curing resin film, etc.) or a sealing material so as 
to prevent exposure to the outer air. At that time, when 
the inside of the sealing member is made an inert gas 
atmosphere, or a moisture absorbent (for example, bar- 
ium oxide) is disposed in the inside, the reliability (life- 
time) of the EL layer is improved. 
[0112] After the airtightness is raised by processing 
such as packaging, a connector (flexible print circuit: 
FPC) for connecting a terminal extended from the ele- 
ment or circuit formed on the substrate to an external 
signal terminal is attached so that a product is com- 
pleted. In the present specification, the EL display 
device, which is made to have such a state that it can be 
shipped, is called an EL module. 
[0113] Here, the structure of the active matrix type 
EL display device of this embodiment will be described 
with reference to a perspective view of Fig. 7. The active 
matrix type EL display device of this embodiment is con- 
stituted by a pixel portion 602, a gate side driving circuit 
603, and a source side driving circuit 604 formed on a 
glass substrate 601. A switching TFT 605 of a pixel por- 
tion is an n-channel TFT, and is disposed at an intersec- 
tion point of a gate wiring line 606 connected to the gate 
side driving circuit 603 and a source wiring line 607 con- 
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nected to the source side driving circuit 604. The drain 
of the switching TFT 605 is connected to the gate of a 
current controlling TFT 608. 

[0114] In addition, the source side of the current 
control TFT 608 is connected to a power supply line s 
609. With the structure of this embodiment, the power 
supply line 609 is connected to the current control TFT 
608, and a drain of the current control TFT 608 is con- 
nected to an EL element 610. 

[0115] If the current control TFT 608 is an n-chan- 10 
nel TFT, then a cathode of the EL element 610 is elec- 
trically connected to the drain. Further, for a case of 
using a p-channel TFT for the current control TFT 608, 
an anode of the EL element 610 is electrically con- 
nected to the drain. 15 
[0116] Input wiring lines (connection wiring lines) 
612 and 613 for transmitting signals to the driving cir- 
cuits and an input wiring line 614 connected to the cur- 
rent supply line 609 are provided in an FPC 61 1 as an 
external input-output terminal. 20 
[0117] An example of circuit structure of the EL dis- 
play device shown In Fig. 7 is shown in Fig. 8. The EL 
display device of this embodiment includes a source 
side driving circuit 701, a gate side driving circuit (A) 
707, a gate side driving circuit (B) 71 1 , and a pixel por- 25 
tion 706. Note that in the present specification, the term 
driving circuit is a general term including the source side 
driving circuit and the gate side driving circuit. 
[0118] The source side driving circuit 701 is pro- 
vided with a shift register 702, a level shifter 703, a 30 
buffer 704, and a sampling circuit (sample and hold cir- 
cuit) 705. The gate side driving circuit (A) 707 is pro- 
vided with a shift register 708, a level shifter 709, and a 
buffer 710. The gate side driving circuit (B) 71 1 also has 
the same structure. 35 
[0119] Here, the shift registers 702 and 708 have 
driving voltages of 5 to 1 6 V (typically 10 V) respectively, 
and the structure indicated by 205 in Fig. 6C is suitable 
for an n-channel TFT used in a CMOS circuit forming 
the circuit. 40 
[0120] Besides, for each of the level shifters 703 
and 709 and the buffers 704 and 710, similarly to the 
shift register, the CMOS circuit including the n-channel 
TFT 205 of Fig. 6C is suitable. Note that it is effective to 
make a gate wiring line a multi-gate structure such as a as 
double gate structure or a triple gate structure in improv- 
ing of reliability of each circuit. 
[0121] Besides, since the source region and drain 
region are inverted and it is necessary to decrease an 
off current value, a CMOS circuit including the n-chan- so 
nel TFT 207 of Fig. 10 is suitable for the sampling circuit 
705. 

[0122] In the pixel portion 706 are disposed pixels 
having the structure shown in Fig. 1 . 
[0123] The foregoing structure can be easily real- 55 
ized by manufacturing TFTs in accordance with the 
manufacturing steps shown in Figs. 4 to 6. In this 
embodiment, although only the structure of the pixel 
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portion and the driving circuit is shown, if the manufac- 
turing steps of this embodiment are used, it is possible 
to form a logical circuit other than the driving circuit, 
such as a signal dividing circuit, a D/A converter circuit, 
an operational amplifier circuit, a -/-correction circuit, or 
the like on the same substrate, and further, it is believed 
that a memory portion, a microprocessor, or the like can 
be formed. 

[0124] Further, an EL module of this embodiment 
including a housing member as well will be described 
with reference to Figs. 1 1A and 1 1B. Note that as nec- 
essary, reference numbers used in Figs. 7 and 8 will be 
quoted. 

[0125] A pixel portion 1101, a source side driving 
circuit 1102, and a gate side driving circuit 1103 are 
formed on a substrate (including an under film below a 
TFT) 1 1 00. Various wiring lines from the respective driv- 
ing circuits lead to an FPC 61 1 through input-output wir- 
ing lines 612 to 614 and are connected to an external 
equipment. 

[01 26] A sealing material 1 1 04 is formed at this time 
so as to surround at least the pixel portion, and prefera- 
bly the driver circuits and the pixel portion. Note that a 
plate shape material possessing a concave portion so 
as to surround the element portion may also be used as 
the sealing material 1 104, and that a sheet shape ultra- 
violet hardened resin may also be used. When using a 
metallic plate possessing a concave portion so as to 
surround the element portion as the sealing material 
1 104, the sealing material 1 104 is fixed to the substrate 
1100 by an adhesive 1105, forming an airtight space 
between the sealing material 1104 and the substrate 
1100. The EL element is in a state of being completely 
enclosed in the airtight space at this point, and is com- 
pletely cutoff from the atmosphere. 
[0127] A plate shape material such as amorphous 
glass (such as borosilicate glass and quartz), crystal- 
lized glass, and ceramic glass can be used as the seal- 
ing material 1104, and an organic resin (such as an 
acrylic resin, a styrene resin, a polycarbonate resin, or 
an epoxy resin) and a silicone resin can also be used. 
Whichever is used, the sealing material 1104 must be 
transparent when manufacturing an EL display device 
type having a substrate which outputs light in the reflec- 
tion side, as in embodiment 1 . 
[0128] As a material of the adhesive 1 1 05, an adhe- 
sive of epoxy resin, aery late resin, or the like can be 
used. Further, thermosetting resin or photo-curing resin 
can also be used as the adhesive. However, it is neces- 
sary to use such material as to block penetration of oxy- 
gen and moisture to the utmost. 
[0129] In addition, a gap 1 106 between the sealing 
material and the substrate 1100 is preferably filled with 
an inert gas (such as argon, helium, or nitrogen). Fur- 
ther, this is not limited to a gas, and it is also possible to 
use a transparent inert liquid. It is also effective to form 
a drying agent in the gap 1 106. Materials such as those 
disclosed in Japanese Patent Application Laid-open No. 
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9-148066 can be used as the drying agent. Barium 
oxide may typically be used. 

[0130] Furthermore, a plurality of pixels are formed 
in the pixel region having the respective isolated EL ele- 
ments, as shown in Fig. 1 1 B, and all of them have an 
anode 1107 as a common electrode. The cathodes and 
the EL layer may be formed only in the pixel portion at 
this point; it is not necessary to form them on the driver 
circuits. Of course, there is no problem in forming them 
on the driver circuits, but considering that alkaline met- 
als are included in the EL layer, it is preferable to not 
form them on the driver circuits. Note that the EL layer is 
weak with respect to moisture and cannot be patterned, 
and therefore it may be formed selectively by evapora- 
tion using a shadow mask. 

[0131] Note also that the anode 1 107 is connected 
to an input-output wiring 1109 in a region denoted by 
reference numeral 1108. The input-output wiring 1109 
is a power supply line for imparting a fixed voltage (a 
ground voltage, specifically 0 V, in embodiment 1 ) to the 
anode 1107, and it is electrically connected to an FPC 
61 1 through a conducting paste material 1110. 
[0132] A manufacturing process for realizing a con- 
tact structure in the region 1 1 08 is explained here using 
Figs. 12Ato12C. 

[0133] First, in accordance with the steps of this 
embodiment, the state of Fig. 6A is obtained. At this 
time, at an end portion of the substrate (region indicated 
by 1108 in Fig. 11B), the first interlayer insulating film 
336 and the gate insulating film 311 are removed, and 
an input-output wiring line 1109 is formed thereon. Of 
course, it is formed at the same time as the source wir- 
ing line and the drain wiring line of Fig. 6A (Fig. 12A). 
[0134] Next, when etching the second interlayer 
insulating film 345 and the first passivation film 344 in 
Fig. 6B, a region denoted by reference numeral 1201 is 
removed, and an opening portion 1202 is formed. (Fig. 
12B.) 

[01 35] A process of forming the EL element (a proc- 
ess of forming the pixel electrode, the EL layer, and the 
cathode) is performed in the pixel portion in this state. A 
mask material is used so that the cathode 347 and the 
EL layer 348 are not formed in the region shown in Figs. 
12A to 12C. After then forming the EL layer 348, the 
anode 349 is formed. The anode 349 and the input-out- 
put wiring 1201 are thus electrically connected. In addi- 
tion, the state of Fig. 12C is obtained by forming the 
second passivation film 350. 

[0136] Through the foregoing steps, the contact 
structure of the region indicated by 1108 of Fig. 11 B is 
realized. The input-output wiring line 1 109 is electrically 
connected to the FPC 61 1 through a gap between the 
housing member 1104 and the substrate 1100 (how- 
ever, the gap is filled with the adhesive 1105). Note that 
although the description has been made here on the 
input wiring line 1109, other output wiring lines 612 to 
614 are also connected to the FPC 61 1 through the por- 
tion under the housing member 1 104 in the same man- 
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Embodiment 2 

5 [0137] In this embodiment, an example in which a 
structure of a pixel is made different from the structure 
shown in Fig. 3B will be described with reference to Fig. 
13. 

[0138] The two pixels shown in Fig. 3B are 
w arranged to become symmetrical with respect to the 
power supply line 21 1 which imparts a ground electric 
potential. In other words, by sharing the power supply 
line 212 between two pixels, as shown in Fig. 13, the 
number of necessary wirings can be reduced. Note that 
15 structures such as the TFT structures placed within the 
pixels remain as is. 

[01 39] If such structure is adopted, it becomes pos- 
sible to manufacture a more minute pixel portion, and 
the quality of an image is improved. 
20 [0140] Note that the structure of this embodiment 
can be easily realized in accordance with the manufac- 
turing steps of the embodiment 1 , and with respect to 
the TFT structure or the like, the description of the 
embodiment 1 or Fig. 2 may be referred to. 

25 

Embodiment 3 

[0141] Cases of using top gate type TFTs were 
explained by embodiment 1 and embodiment 2, but the 

30 present invention is not limited to a TFT structure, and it 
may also be implemented using a bottom gate type TFT 
(typically a reverse stagger type TFT). Further, the 
reverse stagger type TFT may be formed by any means. 
[0142] The reverse stager type TFT is a good struc- 

35 ture having fewer processes than the top gate type TFT, 
and it is therefore extremely advantageous in lowering 
manufacturing costs, an object of the present invention. 


40 


Embodiment 4 


[0143] In the EL display devices explained by 
embodiment mode 1 and embodiment 1 , by giving the 
switching TFTs in the pixels a multi-gate structure, the 
value of the off current of the switching TFT is reduced, 
45 and the necessity of a storage capacitor is eliminated. 
This is a design for effectively utilizing the exclusive sur- 
face area of the storage capacitor as a light emitting 
region. 

[0144] However, even without completely eliminat- 
50 ing the storage capacitor, by making its exclusive sur- 
face area smaller, an effect of enlarging the light 
emitting surface area can be obtained. Namely, it is suf- 
ficient to reduce the value of the off current and to shrink 
the size of the exclusive surface area of the storage 
55 capacitor by making the switching TFT into a multi-gate 
structure. 

[0145] In this case a storage capacitor 1401 may 
also be formed with respect to the switching TFT 201 , in 
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parallel with the gate of the current control TFT 202, as 
shown in Fig. 14. 

[0146] Note that the constitution of embodiment 4 
can be freely combined with the constitutions of any one 
of embodiments 1 to 3. Namely, a storage capacitor is 5 
provided in the pixel and there is no limit on the TFT 
structure or EL layer materials, etc. 

Embodiment 5 

10 

[0147] Laser crystallization is used as the means of 
forming the crystalline silicon film 302 in embodiment 1, 
but a case of using a different means of crystallization is 
explained in embodiment 5. 

[0148] Crystallization is performed in embodiment 5 15 
by using the technique recorded in Japanese Patent 
Application Laid-open No. 7-130652 after forming an 
amorphous silicon film. The technique recorded in the 
above patent application is one of obtaining a crystalline 
silicon film having good crystallinity by using an element 20 
such as nickel as a catalyst for promoting crystallization. 
[0149] Further, after completing the crystallization 
process, a process of removing the catalyst used in 
crystallization may also be performed. In this case, the 
catalyst may be gettered by the technique recorded in 25 
Japanese Patent Application Laid-open No. 10-270363 
or in Japanese Patent Application Laid-open No. 8- 
330602. 

[0150] Furthermore, the TFT may also be formed 
by using the technique recorded in Japanese Patent 30 
Application Laid-open No. 11-076967 by the applicant 
of the present invention. 

[0151] The manufacturing process shown in 
embodiment 1 is thus one exemplary, and provided that 
the structures shown in Fig. 1 , Fig. 2, or in Fig. 6C of 35 
embodiment 1 can be realized, then other manufactur- 
ing processes may also be used without problems. 
[0152] Note that it is possible to freely combine the 
constitution of embodiment 5 with the constitutions of 
any one of embodiments 1 to 4. 40 

Embodiment 6 

[0153] Analog driving using an analog signal as a 
pixel signal can be performed when driving the EL dis- 45 
play device of the present invention, and digital driving 
using a digital signal can also be performed. 
[0154] When performing analog driving, an analog 
signal is sent to a source wiring line of a switching TFT, 
and the analog signal containing gradation information 50 
becomes a gate voltage of a current control TFT. The 
current flowing in an EL element is then controlled by 
the current control TFT, and gradation display is per- 
formed by controlling the strength of the light emitted by 
the EL element. 55 
[0155] When performing digital driving, on the other 
hand, gradation display referred to as time partitioned 
driving is performed, differing from analog gradation dis- 


play. Namely, by regulating the length of time of light 
emission, color gradations are shown to be changing 
visually. 

[0156] The response speed of the EL element is 
extremely fast compared with that of a liquid crystal ele- 
ment, and it is possible to drive it at high speed. It can 
therefore be said that the EL element is suitable for time 
partition driving in which one frame is partitioned into a 
plurality of subframes and then gradation display is per- 
formed. 

[0157] The present invention is thus a technique 
related to element structures, and therefore any driving 
method may be used. 

Embodiment 7 

[0158] An example of using an organic EL material 
as an EL layer is shown in embodiment 1, but the 
present invention can also be implemented using an 
inorganic EL material. However, present inorganic EL 
materials have extremely high driving voltages, and 
therefore a TFT having voltage resistance characteris- 
tics which can withstand the high driving voltages must 
be used when performing analog driving. 
[01 59] Alternatively, if an inorganic EL material hav- 
ing a lower driving voltage is developed in the future, it 
will be possible to apply this to the present invention. 
[0160] Furthermore, it is possible to freely combine 
the constitution of embodiment 7 with the constitutions 
of any of embodiments 1 to 6. 

Embodiment 8 

[0161] An example of forming an EL element using 
the thin film forming apparatus shown in Fig. 15 is 
shown in embodiment 8. In Fig. 15, reference numeral 
901 denotes a conveyor chamber for performing inser- 
tion or extraction of a substrate, and is also referred to 
as a load-lock chamber. In embodiment 8, a substrate, 
on which processing is performed in accordance with 
the steps of embodiment 1 up to the formation of the 
pixel electrode 346 of Fig. 6B, is first set into a carrier 
902. Note that the conveyor chamber 901 may also be 
separated into a substrate insertion chamber and a sub- 
strate extraction chamber. 

[0162] Reference numeral 903 denotes a common 
chamber containing a mechanism for conveying the 
substrate (hereafter referred to as a conveyor mecha- 
nism). A plurality of processing chambers (denoted by 
reference numerals 906 to 910) are connected to the 
common chamber 903 through gates 905a to 905f. 
[0163] In order to completely seal off each of the 
processing chambers from the common chamber 903 
by the gates 905a to 905f, airtight seals are obtained. It 
therefore becomes possible to perform processing 
under a vacuum by installing an evacuation pump in 
each of the processing chambers. It is possible to use a 
rotary oil pump, a mechanical booster pump, a turbo 
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molecular pump, or a cryopump as the evacuation 
pump, but it is preferable to use the cryopump which is 
effective in removing moisture. 
[0164] The substrate is then transported to the 
common chamber 903 by the conveyor mechanism 904, 5 
and is next transported to a first gas phase film deposi- 
tion processing chamber 906. Cathode formation by 
evaporation or sputtering is performed in the first gas 
phase film deposition processing chamber 906. A MgAg 
alloy in which magnesium and silver are evaporated 10 
together at a ratio of 1 0 : 1 is used as the cathode mate- 
rial in embodiment 8. 

[0165] Next, the substrate is transported from the 
first gas phase film deposition processing chamber 906 
to a solution application processing chamber 907. A 15 
solution containing an EL material is applied by spin 
coating in the liquid application processing chamber 
907, forming a polymer precursor containing a high 
molecular weight (polymer) EL material. A solution of 
polyvinyl carbazole dissolved in chloroform is used as 20 
the solution containing the EL material in embodiment 
8. Of course, other high molecular weight EL materials 
(typically materials such as polyphenylene vinylene or 
polycarbonate) or other organic solvents (typically sol- 
vents such as dichloromethane or tetrahydrofuran) may 25 
also be combined. 

[0166] The substrate is then transported from the 
solution application processing chamber 907 to a firing 
chamber 908. The EL materia! is polymerized by firing 
(heat treatment) in the firing chamber 908. Heat treat- 30 
ment is performed in embodiment 8 at a temperature of 
50 to 150°C (preferably between 110 and 120°C) with 
respect to the entire substrate by heating the stage with 
a heater. Excess chloroform is thus vaporized and the 
high molecular weight light emitting layer made from 35 
polyvinylcarbazole is formed. This single layer light 
emitting layer is used as the EL layer in embodiment 8. 
[0167] The substrate is next transported from the 
firing chamber 908 to a second gas phase film deposi- 
tion processing chamber 909. An anode made from a 40 
transparent conducting film is formed on the high 
molecular weight light emitting layer (EL layer) in the 
second gas phase film deposition processing chamber 
909. A compound of 10 to 15% zinc oxide mixed into 
indium oxide is used in embodiment 8. 45 
[0168] Next, the substrate is conveyed from the 
second gas phase film deposition processing chamber 
909 to a third gas phase film deposition processing 
chamber 910. A passivation film made from an insulat- 
ing film, preferably an insulating film containing silicon, so 
is formed in the third gas phase film deposition process- 
ing chamber 910. The passivation layer is formed in 
order to protect the EL layer from moisture and oxygen. 
[0169] The substrate is then conveyed from the 
third gas phase film deposition processing chamber 910 55 
to the carrier 902 placed in the conveyor chamber 901. 
The series processing using the thin film formation 
apparatus of Fig. 15 is thus completed. 


[0170] The advantage of using the thin film forma- 
tion apparatus shown in Fig. 15 is that processing can 
be performed in succession from the formation of the 
cathode to the formation of the passivation layer, with- 
out the substrate once being exposed to the atmos- 
phere (in particular, moisture). In other words, all 
processing is performed under a vacuum or under a dry 
inert gas atmosphere, and therefore degradation of the 
light emitting layer is avoided. 

[0171] In addition, a processing chamber for pre- 
forming spin coating is also installed in the same thin 
film formation apparatus, and therefore it is possible to 
form the EL element using a high molecular weight EL 
material. When forming the EL layer by evaporation or 
sputtering, a gas phase film deposition processing 
chamber may of course be installed as a substitute for 
the solution application processing chamber and the fir- 
ing chamber. 

[0172] Note that the thin film formation apparatus 
shown in embodiment 8 can be used when forming the 
EL element in the manufacturing process of embodi- 
ment 1 . Therefore, it is also possible to use the thin film 
formation apparatus of embodiment 8 to obtain the 
structures shown in embodiments 2 to 7 using the man- 
ufacturing processes of embodiment 1 . 

Embodiment 9 

[0173] An active matrix type EL display device (EL 
module) formed by implementing the present invention 
has superior visibility in bright locations compared with 
liquid crystal display device because the EL display 
device is a self-emitting type. Its use as a direct view EL 
display device (indicating a display incorporating the EL 
module) are therefore wide. 

[0174] Note that one advantage of the EL display 
over the liquid crystal display that can be given is its 
wide viewing angle. The EL display of the present inven- 
tion may therefore be used as a display (display moni- 
tor) having a diagonal size equal to or greater than 30 
inches (typically equal to or greater than 40 inches) in 
appreciating broadcasts such as TV broadcasts on a 
large size screen. 

[0175] Further, the present invention can be used 
not only as an EL display (such as in a personal compu- 
ter monitor, a TV broadcast receiving monitor, or an 
advertisement display monitor), but can also be used as 
a display for various electronic devices. 
[0176] The following can be given as examples of 
such electronic devices: a video camera; a digital cam- 
era; a goggle type display (head mounted display); a 
game machine; a car navigation system; a personal 
computer; a portable information terminal (such as a 
mobile computer, a portable telephone, or an electronic 
book); and an image playback device furnished with a 
recording medium (specifically, a device furnished with 
a display which can play back and display recording 
mediums such as a compact disk (CD), a laser disk 
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(LD), or a digital video disk (DVD)). Examples of these 
electronic devices are shown in Figs. 1 7A to 1 7F. 
[0177] Fig. 17A is a personal computer, and con- 
tains components such as a main body 2001, a casing 
2002, a display device 2003, and a keyboard 2004. The 
present invention can be used in the display device 
2003. 

[0178] Fig. 17B is a video camera, and contains 
components such as a main body 2101, a display 
device 2102, a sound input portion 2103, operation 
switches 2104, a battery 2105, and an image receiving 
portion 2106. The present invention can be used in the 
display device 2102. 

[0179] Fig. 17C is a portion (right side) of an EL dis- 
play which is attached to one's head, and contains com- 
ponents such as a main body 2201 , a signal cable 2202, 
a head fixing band 2203, a display monitor 2204, an 
optical system 2205, and a display device 2206. The 
present invention can be used in the display device 
2206. 

[0180] Fig. 17D is an image playback device fur- 
nished with a recording medium (specifically, a DVD 
playback device), and contains components such as a 
main body 2301 , a recording medium (such as a CD, an 
LD, or a DVD) 2302, operation switches 2303, a display 
device (a) 2304, and a display device (b) 2305. The dis- 
play device (a) mainly displays image information. The 
display device (b) mainly displays character information, 
and the present invention can be used in the display 
device (a) and in the display device (b). Note that the 
present invention can be used in image playback 
devices, furnished with a recording medium, such as a 
CD playback device and a game machine. 
[0181] Fig. 17E is a mobile computer, and contains 
components such as a main body 2401, a camera por- 
tion 2402, an image receiving portion 2403, operation 
switches 2404, and a display device 2405. The present 
invention can be used in the display device 2405. 
[0182] Fig. 17F is an EL display, and contains com- 
ponents such as a casing 2501 , a support table 2502, 
and a display device 2503. The present invention can be 
used in the display device 2503. The EL display is 
advantageous for cases of making large sized screens 
because it has a wider angle of view compared with a 
liquid crystal display, and is advantageous in displays 
having a diagonal equal to or greater than 10 inches 
(especially for those having a diagonal equal to or 
greater than 30 inches). 

[0183] Further, if the brightness of the light emitted 
from EL materials increases in the future, it will become 
possible to use the present invention in a front type or a 
rear type projector by projecting light containing the out- 
put image information which is expanded by a lens. 
[0184] The applicable range of the present inven- 
tion is thus extremely wide, and it is possible to apply 
the present invention to electronic devices of all fields. 
Furthermore, the constitutions of embodiments 1 to 8 
can be freely combined and used in obtaining the elec- 
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tronic devices of embodiment 9. 
Embodiment 10 

5 [0185] An example of manufacturing an active 
matrix type EL display device by processes differing 
from those of embodiment 1 is shown in embodiment 
10. Figs. 18A to 18E are used in the explanation. 
[01 86] First, a base film 1 801 is formed with a thick- 

10 ness of 300 nm on a glass substrate 1800 in accord- 
ance with the processes of embodiment 1. In 
embodiment 10, a lamination of silicon nitride oxide 
films formed in succession without breaking the vacuum 
is used as the base film 1801. The concentration of 

15 nitrogen contacting the glass substrate 1 800 may be set 
from 10 to 25 wt% at this point. 
[0187] In addition, an amorphous silicon film (not 
shown in the figures) is formed with a thickness of 50 
nm on the base film 1801 by a known film deposition 

20 method. The amorphous silicon film is formed in suc- 
cession after formation of the base film 1801, without 
breaking the vacuum. Note that it is not necessary to 
limit this film to the amorphous silicon film, and that pro- 
vided that it is a semiconductor film containing an amor- 

25 phous structure (including microcrystalline 
semiconductor films), other films may also be used. In 
addition, compound semiconductor films containing an 
amorphous structure such as an amorphous silicon ger- 
manium film may also be used. Further, the film thick- 

30 ness may be set from 20 to 1 00 nm. 

[0188] The amorphous silicon film not shown in the 
figures is crystallized next by employing excimer laser 
light using XeCI gas. The laser light crystallization proc- 
ess is also performed in succession after formation of 

35 the amorphous silicon film without breaking the vac- 
uum. A crystalline silicon film 1802 is thus formed. 
[0189] In addition, a first gate insulating film 1803 is 
formed on the crystalline silicon film 1802 with a thick- 
ness of 5 to 1 00 nm (preferably between 1 0 and 30 nm). 

40 A silicon oxide film is used as the first gate insulating 
film 1803 in embodiment 10. The first gate insulating 
film 1803 is also formed in succession after forming the 
crystalline silicon film 1802 without breaking the vac- 
uum. The state of Fig. 18A is thus obtained. 

45 [0190] The base film formation process, the amor- 
phous silicon film formation process, the amorphous sil- 
icon film crystallization process (the crystalline silicon 
film formation process) and the first gate insulating film 
formation process are thus characterized in that all are 

so performed successively without breaking the vacuum 
(without exposure to the atmosphere). This type of suc- 
cessive process can be realized by using a multi-cham- 
ber method (also referred to as a cluster tool method) 
provided with a plurality of film deposition chambers and 

55 a laser crystallization chamber. 

[0191] Next, the crystalline silicon film 1802 is pat- 
terned by photolithography, and island shape semicon- 
ductor films 1804 to 1807 are formed. (See Fig. 18B.) 
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[0192] A second gate insulating film 1808 is formed 
next so as to cover the island shape semiconductor 
films 1804 to 1807. In a region which functions essen- 
tially as a gate insulating film, the first gate insulating 
film 1 803 and the second gate insulating film 1 808 have 5 
a lamination structure. However, it is preferable to form 
the first gate insulating film 1803 with a thin film thick- 
ness of 10 to 30 nm, and therefore the film thickness of 
the second gate insulating film 1808 may be regulated 
within the range of 1 0 to 1 20 nm. 10 
[0193] Resist masks 1809a and 1809b are formed 
next, and a processing of adding an n-type conductivity 
element is performed. This process may be performed 
under the same conditions as those of the process of 
Fig. 4B in embodiment 1. N-type impurity regions 1810 15 
and 1811 containing an n-type impurity element with a 
concentration from 2x10 16 to 5x1 0 19 atoms/cm 3 (typi- 
cally 5x1 0 17 atoms/cm 3 to 5x1 0 16 atoms/cm 3) are thus 
formed. (See Fig. 18D.) 

[0194] The resist masks 1809a and 1809b are next 20 
removed, and a process of activating the n-type impurity 
elements is performed. The process of Fig. 4C of 
embodiment 1 may be referred to for this process. (See 
Fig. 18E.) 

[0195] Subsequent processing may be performed 25 
in accordance with the steps of embodiment 1 from Fig. 
4E onward. An active matrix type EL display device like 
that explained by embodiment 1 can thus be manufac- 
tured. 

[0196] Note that the constitution of embodiment 10 30 
can be freely combined with the composition of any of 
embodiments 2 to 4, 6, and 7, and that the apparatus of 
embodiment 8 may be used in manufacturing an EL ele- 
ment. Furthermore, the electronic devices shown in 
embodiment 9 may use the EL display device manufac- 35 
tured by implementing embodiment 10. 

Embodiment 11 

[0197] An example of manufacturing an active 40 
matrix type EL display device by processes differing 
from those of embodiment 1 is shown in embodiment 
11. Figs. 19A to 19D are used in the explanation. 
[0198] In embodiment 1 1 , the technique recorded in 
Japanese Patent Application Laid-open No. Hei 7- 45 
130652 is used in forming the crystalline silicon film 302 
shown in Fig. 4 A of embodiment 1 . Namely, nickel is 
used as a catalytic element which promotes crystalliza- 
tion of an amorphous silicon film in embodiment 11. 
Processes of Fig. 4B onward are then performed, and so 
the state of Fig. 5A is obtained. 
[0199] Resist masks 1901a and 1901b are formed 
next, and a process of adding an n-type impurity ele- 
ment (phosphorus in embodiment 1 1 ) is performed in 
this state. Fig. 5B of embodiment 1 may be referred to 55 
for the addition conditions at this point. N-type impurity 
regions 1902 to 1909 are thus formed. (See Fig. 19A.) 
[0200] The resist masks 1901a and 1901b are 
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removed next, and a protecting film 1910 is formed. A 
process of activating the n-type impurity elements 
added to the n-type impurity regions 1902 to 1909 by 
furnace annealing using an electric furnace is then per- 
formed. Activation is performed at 500 to 600°C, and the 
nickel used in crystallizing the crystalline silicon film 302 
moves to the n-type impurity regions 1902 to 1909 by a 
phosphorus gettering action at this point. The nickel get- 
tering process and the phosphorus activation process 
are therefore combined in the process of Fig. 19B. 
[0201] A resist mask 1911 is formed next, and a 
process of adding a p-type impurity element (boron in 
embodiment 11) is performed. Fig. 5C of embodiment 1 
may be referred to for the addition conditions at this 
time. P-type impurity regions 1912 and 1913 are thus 
formed. (See Fig. 19C.) 

[0202] An interlayer insulating film 1914 made from 
a silicon nitride oxide film is formed next, and a hydro- 
genation process is performed in this state. Hydrogen 
within the interlayer insulating film 1914 is made to dif- 
fuse within an active layer by heat treatment at 300 to 
450°C in this hydrogenation process. Further, boron 
added to the p-type impurity regions 1912 and 1913 is 
activated at the same time. The hydrogenation process 
and the boron activation process are therefore com- 
bined in the process of Fig. 19D. The p-type impurity 
regions are activated at the same time as hydrogen- 
ated, and therefore a phenomenon of the value of the off 
current of a p-channel TFT becoming higher in a region 
of high gate voltage can be controlled. 
[0203] Note that the hydrogenation process and the 
boron activation process may also be performed sepa- 
rately. In other words, after the step of Fig. 19C, the 
boron activation process may be performed at 500 to 
600° C, and the hydrogenation process can be per- 
formed next at 300 to 400° C. It is preferable to perform 
this when there are cases in which boron activation is 
insufficient because the hydrogenation process temper- 
ature is low. 

[0204] After thus obtaining the state of Fig. 19D, 
subsequent processes may be performed in accord- 
ance with the processes of Fig. 6A onward in embodi- 
ment 1 . Note that the interlayer insulating film 1914 may 
be a portion of the first interlayer insulating film 336 
shown in Fig. 6A. An active matrix type EL display 
device like that explained by embodiment 1 can thus be 
manufactured. 

[0205] Note that the constitution of embodiment 1 1 
can be freely combined with the composition of any of 
embodiments 2 to 7 and 10, and that the apparatus of 
embodiment 8 may be used in manufacturing an EL ele- 
ment. Furthermore, the electronic devices shown in 
embodiment 9 may use the EL display device manufac- 
tured by implementing embodiment 11. 
[0206] Reflection of light emitted from an EL layer 
by a cathode surface becomes a diffuse reflection by 
implementing the present invention, and a problem of 
an observer's face or the surrounding environment 
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being reflected in an image display portion of an EL dis- 
play device can be solved. 

[0207] Furthermore, it becomes unnecessary to 
use a high price film such as a circular polarization film, 
and therefore it is possible to reduce the cost of the EL 
display device and electronic devices using the EL dis- 
play device. 

Claims 

1. An EL display device comprising an EL element 
containing a cathode, an EL layer, and an anode, 
wherein the surface of the cathode on the side 
closer to the EL layer has a textured structure. 

2. A device according to claim 1 , wherein the cathode 
is formed on an electrode having a textured struc- 
ture on its surface. 

3. A device according to claim 1 wherein the EL dis- 
play device is incorporated into a device selected 
from the group consisting of a video camera, a dig- 
ital camera, a goggle type display, a game machine, 
a car navigation system, a personal computer, a 
portable information terminal, a mobile computer, a 
portable telephone, an electronic book and an 
image playback device. 

4. An EL display device comprising: 

a plurality of cathodes formed in a stripe shape; 
an EL layer formed over the plurality of cath- 
odes; and 

a plurality of anodes formed in a stripe shape 

over the EL layer; 

wherein: 

the plurality of cathodes and the plurality of 
anodes are arranged so as to be orthogonal to 
each other; and 

the surfaces of the plurality of cathodes on the 
sides closer to the EL layer have textured struc- 
tures. 

5. A device according to claim 4, wherein the cathode 
is formed on an electrode having a textured struc- 
ture on its surface. 

6. A device according to claim 4 wherein the EL dis- 
play device is incorporated into a device selected 
from the group consisting of a video camera, a dig- 
ital camera, a goggle type display, a game machine, 
a car navigation system, a personal computer, a 
portable information terminal, a mobile computer, a 
portable telephone, an electronic book and an 
image playback device. 

7. An EL display device comprising an EL element 
containing a cathode, an EL layer, and an anode, 


wherein the EL element is electrically con- 
nected to a TFT, and 

wherein the surface of the cathode on the 
side closer to the EL layer has a textured structure. 

5 

8. A device according to claim 7, wherein the cathode 
is formed on an electrode having a textured struc- 
ture on its surface. 

10 9. A device according to claim 7 wherein the EL dis- 
play device is incorporated into a device selected 
from the group consisting of a video camera, a dig- 
ital camera, a goggle type display, a game machine, 
a car navigation system, a personal computer, a 

15 portable information terminal, a mobile computer, a 
portable telephone, an electronic book and an 
image playback device. 

10. A method of manufacturing an EL display device, 
20 comprising: 

a step of forming a textured structure on a sur- 
face of an electrode; 

a step of forming a cathode over the electrode 
25 having the textured structure; 

a step of forming an EL layer over the cathode; 
and 

a step of forming an anode over the EL layer. 

30 1 1 . A method according to claim 1 0, wherein the step of 
forming the textured structure is performed by pho- 
tolithography. 

12. A method according to claim 10, wherein the step of 
35 forming the textured structure is performed by 

holography. 

13. A device according to claim 10 wherein the EL dis- 
play device is incorporated into a device selected 

40 from the group consisting of a video camera, a dig- 
ital camera, a goggle type display, a game machine, 
a car navigation system, a personal computer, a 
portable information terminal, a mobile computer, a 
portable telephone, an electronic book and an 

45 image playback device. 

14. A method of manufacturing an EL display device, 
comprising: 

so a step of forming a plurality of electrodes 

arranged in a stripe shape; 
a step of forming textured structures on the plu- 
rality of electrodes; 

a step of forming a cathode over the plurality of 
55 electrodes on which the textured structures are 

formed; 

a step of forming an EL layer over the cathode; 
and 
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a step of forming a plurality of anodes arranged 
in a stripe shape over the EL layer so as to be 
orthogonal to the plurality of electrodes 
arranged in the stripe shape. 

5 

15. A method according to claim 14, wherein the step of 
forming the textured structure is performed by pho- 
tolithography 

16. A method according to claim 14, wherein the step of 10 
forming the textured structure is performed by 
holography. 

17. A device according to claim 14 wherein the EL dis- 
play device is incorporated into a device selected 15 
from the group consisting of a video camera, a dig- 
ital camera, a goggle type display, a game machine, 

a car navigation system, a personal computer, a 
portable information terminal, a mobile computer, a 
portable telephone, an electronic book and an 20 
image playback device. 

18. A method of manufacturing an EL display device, 
comprising: 

25 

a step of forming a TFT; 

a step of forming a pixel electrode electrically 

connected to the TFT; 

a step of forming a textured structure on a sur- 
face of the pixel electrode; 30 
a step of forming a cathode over the pixel elec- 
trode on which the textured structure is formed; 
a step of forming an EL layer over the cathode; 
and 

a step of forming an anode over the EL layer. 35 

19. A method according to claim 1 8, wherein the step of 
forming the textured structure is performed by pho- 
tolithography. 

40 

20. A method according to claim 18, wherein the step of 
forming the textured structure is performed by 
holography. 

21. A device according to claim 18 wherein the EL dis- 45 
play device is incorporated into a device selected 
from the group consisting of a video camera, a dig- 
ital camera, a goggle type display, a game machine, 

a car navigation system, a personal computer, a 
portable information terminal, a mobile computer, a so 
portable telephone, an electronic book and an 
image playback device. 
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